Abbreviations: AstV = astrovirus; BatAstV = bat-associated astrovirus; RT-snPCR = RT-seminested PCR Bats (the order Chiroptera) as a distinct group of mammals are remarkable for their high diversity and broad geographic distribution, representing over 20% of all living species of mammals, and are known from all continents except Antarctica (1). The decreasing area of natural habitats, the forest clearances, and the growing urbanization jointly cause bats to move closer to human-inhabited territories. This phenomenon increases the number of direct contacts between bats and domestic animals as well as humans, and given that bats have been recognized as important reservoir hosts for many viruses that can cross species barriers (2), it raises serious veterinary and public health issues. The presence of numerous virus groups in Microchiroptera bats has been evidenced all over the world; data have been published to report both DNA viruses (i.e. herpesviruses and adenoviruses) and RNA viruses (i.e. lyssaviruses, coronaviruses, astroviruses and orthoreoviruses) in these animals. Many of the bat origin RNA viruses are readily transmissible to humans, therefore collecting data about their occurrence, frequency and diversity in any location seems to be of interest. In the present pilot study, we conducted a viral screening from bat fecal samples to determine the presence of different bat-borne viruses in Hungary.
Bats (the order Chiroptera) as a distinct group of mammals are remarkable for their high diversity and broad geographic distribution, representing over 20% of all living species of mammals, and are known from all continents except Antarctica (1) . The decreasing area of natural habitats, the forest clearances, and the growing urbanization jointly cause bats to move closer to human-inhabited territories. This phenomenon increases the number of direct contacts between bats and domestic animals as well as humans, and given that bats have been recognized as important reservoir hosts for many viruses that can cross species barriers (2), it raises serious veterinary and public health issues. The presence of numerous virus groups in Microchiroptera bats has been evidenced all over the world; data have been published to report both DNA viruses (i.e. herpesviruses and adenoviruses) and RNA viruses (i.e. lyssaviruses, coronaviruses, astroviruses and orthoreoviruses) in these animals. Many of the bat origin RNA viruses are readily transmissible to humans, therefore collecting data about their occurrence, frequency and diversity in any location seems to be of interest. In the present pilot study, we conducted a viral screening from bat fecal samples to determine the presence of different bat-borne viruses in Hungary.
Samples were collected from netted bats at swarming caves at two different locations (Bakony and Mecsek mountains) in Hungary in 2012. All bat species captured for sampling were healthy and identified for species by a chiropterologist. Bats were placed in paper bags individually and were left hanging for a maximum of 30 min, in order to let them defecate, than fecal samples were collected from the bottom of the bags. After sample collection, bats were released at the netting site. Stool samples were homogenized in 500 µl of PBS, then viral RNA was extracted from 200 µl of supernatants using DiaExtract Viral NA Isolation Kit (DIAGON Ltd., Hungary) following the manufacturer's recommendations. Samples were tested for the presence of viral RNA of coronaviruses, orthoreoviruses and astroviruses, using RT-PCR (RT-PCR) or RT-seminested PCR (RT-snPCR) assays. Amplification was performed with OneStep RT-PCR Kit and Dia Taq Kit (DIAGON Ltd., Hungary), respectively (3) (4) (5) . PCR products were analyzed by electrophoresis in 2% agarose gel in TBE buffer stained with GelGreen. Amplified DNA products were purified by the QIAquick Gel Extraction Kit (Qiagen) and sequenced using BigDye Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems). The dye-labeled products were analyzed on an ABI Prism 310 DNA Sequencer (Applied Biosystems). Basic sequence manipulation and verification was performed using GeneDoc 2.7 software. Nucleic acid sequences of the new bat AstV isolates were compared to reference strains deposited in GenBank and identification was established based upon the greatest identity. Nucleotide sequences were aligned by ClustalX v2.0 software, then phylogenetic tree was constructed from the nucleic acid sequence alignments using Maximum-Likelihood method based on the General Time (Figure 1) showed that the Hungarian BatAstV isolates clustered together with BatAstVs from China and Europe and were unambiguously separated from other mammalian AstVs. In correspondence with other related studies, we also observed a notable genetic variability within BatAstV isolates. With the exception of a few sequences, viruses from the genus of Myotis, Ia and Miniopterus created a separate group, while AstVs identified in Hipposideros, Rhinolophus and Scotophilus genus created a distinct phylogenetic branch. Although viruses BAV/Bakony/6Mdau/2012, BAV/Bakony/7Mdau/2012 and BAV/Bakony/14Mdau/2012, which were identified from Myotis daubentonii species, created a separate monophyletic group, they were most closely related to the strains detected in Germany. Furthermore, BAV/Bakony/23Mbec/2012 and BAV/Mecsek/24Paur/2012 isolates derived from Myotis bechsteinii and Plecotus auritus, respectively, created two distinct lineages. The amplified RNA polymerase gene is the most conservative region of the AstV genome, yet the short fragments we analyzed indicated that multiple lineages of BatAstVs may be co-circulating in Hungarian bat populations. To our best knowledge, only the species Myotis myotis was tested in Europe so far and was found to be positive for BatAstV in Germany (6) . However, it is of note that the number of research papers describing BatAstVs is limited to a few reports from China (5, 7, 8, 9) , Germany and the United States (6, 10) .
Mammalian orthoreoviruses had been detected in bats in Italy; these viruses have a wide geographic distribution, and are capable of infecting humans as well (11) . Coronaviruses are predominantly associated with Microchiroptera, which are the most ecologically diverse suborder. Due to their wide geographic range coronaviruses might be more prevalent than other bat transmitted viruses (12) . Coronaviruses were identified in bats in some European countries such as Germany, United Kingdom, and SARS-like coronaviruses in Slovenia and Bulgaria (12) (13) (14) (15) . In this study, no evidence for circulation of other viruses was obtained; however, because data from Europe indicate that both orthoreoviruses and coronaviruses are present in bats, further efforts are needed to identify the carrier role of Hungarian bats for these other zoonotic RNA viruses of bat origin.
In the present study, intriguing new findings were obtained about BatAstVs. We clearly demonstrated that a wider range of European bat species carry AstVs. Also our data imply a remarkable genetic variability of BatAstV in Hungary. These findings suggest that an extension of the present pilot study is needed to gain a more penetrating insight into the ecology, epidemiology, evolution and taxonomy of the newly described BatAstVs.
